, [253] [254] [255] [256] [257] [258] [259] [260] [261] [262] [263] Serum zinc (Zn) and copper (Cu) concentrations were measured in infants weighing 740 g to 2,500 g at birth. They were divided into three groups depending on their birth weight ; Group I ranged from 740 to 1,500 g (N = 35), Group II from 1,501 to 2,000 g (N = 26), and Group III from 2,001 to 2,500 g (N =19). They were fed breast milk (N = 24), commercially available non-supplemented formula with low Zn and low Cu content (N = 42), or Zn-and Cu-supplemented formula (N=14). Serum Zn levels of breast fed infants were apparently higher than those of the other two different formula fed infants, the difference being significant at 1 month of age in Group I. After the decline of serum Zn level during the first month of life, the level in Groups II and III remained unchanged, whereas the level in Group I further declined progressively until 3 months of age. An incidence of hypozincemia (0.65,ug/ml) was highest in Group I, medium in Group II, and lowest in Group III. The serum Cu level was elevated progressively after birth in all groups, but the mean level was consistently highest in Group III, medium in Group II and lowest in Group I. No difference in serum Cu level was found among the infants with different feedings.
zinc ; copper ; low birth weight infants ; human milk ; infant formula Adequate dietary intake of zinc (Zn) and copper (Cu) during infancy is essential for normal growth and development (Committee on Nutrition 1978; Hambidge 1977; Shaw 1979 Shaw , 1980 (1980) have individually recommended a certain amount of Zn and Cu to be present in infant diet. The recommended amount is based on the view that it may be unsafe to accept values below the mean concentration of random cow's milk samples. Esstenially there was no basic studies to support the recommended amount adequately.
In our early study (Matsuda et al. 1984) , it was found that serum and hair contents of Zn and Cu were not significantly different among the full term infants receiving three different diets : breast milk, Zn-and Cu-supplemented formulas with the recommended levels, or commercially available low-Zn and low-Cu formula.
The purpose of the present study is to compare the levels of Zn and Cu in serum in the low-birth weight infants receiving the above mentioned three different diets in order to seek adequate concentrations of Zn and Cu in feeding formulas.
MATERIALS AND METHODS
In the present study, we enrolled 80 premature infants weighing 740 to 2,500 g, who were divided into three groups depending on their birth weights as listed in Table 1 . None of them were seriously ill during the period of investigation. For the treatment of anemia blood transfusion was done in 11 infants in Group I and 4 infants in Group II, but no one in Group III had it during the first month of life. Their gestational age was assessed from the last menstrual bleeding. A diagnosis of small-for-gestational age was made when a birth weight fell below the tenth percentile of the growth chart by Lubchenco et al. (1963) . Main clinical data are shown in Table 1 . Feeding was started in all infants during the first two days of life with breast milk obtained from their own mothers, commercially available formula, or Zn-and Cu-supplemented formula. Zn and Cu contents of breast milk and the formulas were analyzed by the methods described previously (Higashi et al. 1982) . Breast milk of formula was given through a nasogastric tube (ATOM) in all infants with a low birth weight and by bottle when infants were able to suck. Direct breast feeding was usally permitted when the infant's body weight became approximately above 2,500 g.
All samples were obtained in the morning. Blood sample collection was initiated at birth or at 1 week of age and then followed at 1, 2 or 3 months of age, as far as possible. The infant's hell was pricked with a staineless lancet and 500,1 of blood was collected in Microtainer® (Becton-Dickinston Co.). After centrifugation, the serum obtained (200 ,,1) was stored at -20°C until assayed. Hemolyzed samples were excluded.
Levels of Zn and Cu were measured by atomic absorption spectrophotometry (Perkin/ Elmer, Model 403) as described previously (Higashi et al. 1982) . The formulas supplemented with Zn and Cu, added as sulfates, were kindly supplied by Snow Brand Milk Company or Morinaga Milk Company, Tokyo.
RESULTS

Zn and Cu contents
Zn and Cu contents of the commercially available non-supplemented formula were 1.0 mg/liter (0.14 mg/ 100 kcal) and 0.05 mg/liter (6 ,u g/ 100 kcal), respectively. Those of the Zn-and Cu-supplemented formula were 3.2 mg/liter (0.5 mg/100 kcal) and 0.4 mg liter (60 ,u g/ 100 kcal), respectively, which corresponded to the levels recommended by FAO/WHO (1976) . Zn and Cu contents in breast milk ranged from 0.5 to 5.8 mg/liter (median 2.8 mg/liter) and from 0.15 to 0.60 mg/ liter (median 0.45 mg liter), respectively, at one month after the lactation.
Serum Zn level
The serum Zn level and an incidence of hypozincemia (below 0.65 ,u g/ml ) Tables 2 and 3 . The levels at birth or at 1 week of age were similar among Groups I, II and III. After the decline of serum zinc level during the first month of life, the level in Group I decreased further progressively until 3 months of age, whereas the level in Groups II and III remained almost unchanged. The level was significantly lower in Group I than in Group III at 1, 2 and 3 months of age (p values are shown in Table 2 ). At one month of age, the level of Group I was significantly higher than that of Group II, which seemed to be attributable to the effects of blood transfusion. With regared to the effect of feeding, the serum Zn level of breast fed infants was almost consistently higher than those of the other two different formula fed infants in Groups I and II. A statistically significant difference was found in Group I infants at 1 month of age (p values are shown in Table 2 ). The incidence of hypozincemia (below 0.65,ug/ml), although it is a problem to be solved whether the value is a suitable marker, especially in infancy, increased gradually from 24% to 64%, at the age advanced from 1 to 3 months in Group I, in which nonsupplemented formula fed infants had the highest incidence at 3 month of age (100%). On the contrary, the infants of Groups II and III had relatively constant incidences of hypozincemia during the first 3 month of age, around 33 to 38% and 8 to 10%, respectively, although the latter group of infants had a lower incidence consistently. The numbers of infants having a hypozincemia at least once in the first 3 months of age were 25 of 35 (71%) infants of Group I (breast fed 6/9, non-supplemented formula fed 12/17, Zn-and Cu-supplemented formula TABLE 3. The incidence of plasma zinc level below (0.65 ,ug/ml) in low birth weight infants fed 7/9), 11 of 26 (42%) infantns of Group II (breast fed 1/5, non-supplemented formula fed 8/16, Zn-and Cu-supplemented formula fed 2/5) and 2 of 19 (11%) infants of Group III (breast fed 1/10, non-supplemented formula fed 1/9). The differences among these three groups were statistically significant (Group I vs. Group II, p <0.02; Group II vs. Group III, p <0.02; Group I vs. Group III p < 0.01). Blood transfusions were received by 6 infants of Group I alone more than three times, in whom 4 infants had hypozincemia at 2 months of age.
Serum Cu levels
The results obtained are listed in Table 4 . Serum Cu in Group III infants was significantly higher than that of Group I and Group II even at one week. A major increase of serum Cu appeared at 1 month in Group III. at 2 months in Group II, and at 3 months in Group I, when compared to the initial level.
During the first month of age, Group III had the highest level, Group II had the medium level and Group I had the lowest level consistently. Among them, statistically significant differences were found between Groups I and II and Groups II and III at 1 week of age, between Groups II and III at 1 month of age, and between Groups I and III and Groups II and III at 3 months of age (p values are shown in Table 5 ). No significant difference or a definite tendency was found among the three different types of feedings. Only one case had hypocupremia (below 0.12 ,u g/ ml) (Shaw 1980 ) at 1 month of age in Group I. Two cases of Group I (their birth weights 1,320 and 1,496 g) and one case of Group II (his birth weight 1,654 g), who were all fed with non-supplemented formula, showed a decline of serum Cu level from birth to 1 month of age, as shown from 0.63 to 0.26 ,u g/ml, 0.26 to 0.09 ,u g/ml, and 0.26 to 0.17 ,u g/ml, respectively.
DISCUSSION
High serum Zn levels in the fetus and neonate have been documented by many investigators (Berfenstam 1952 ; Henkin et al. 1971; Kurz et al. 1973; Sann et al. 1980 ). Berfenstam (1952) reported very high serum levels in 20-26 week old fetuses and Sann et al. (1980) found a significant negative correlation between serum Zn level and gestational age. These observations are comparable to our findings that the serum Zn level at birth was higher in the low birth weight infants than in the full term infants measured in our laboratory previously (Higashi et al. 1982) . The decline of serum Zn level during the first month of life found in the present study had been reported by many investigators (Gibson and Dewolfe 1981; Higashi et al. 1982) and this was probably correlated well with negative Zn balance in the newborn period (Cavell and Widdowson 1964; Dauncey et al. 1977) . Cavell and Widdowson (1964) showed that breast fed full term infants aged 5 to 8 days were in negative Zn balance averaging -230 ,u g/kg/day. Dauncey et al. (1977) showed that preterm infants fed pooled human milk and with a mean Zn content of 336± 69 jig/100 ml were in a negative balance on day 10 of their life averaging -0.4±0.16 jig/kg/day. The present study indicates that the rate of the initial decline of serum Zn concentration is related to the birth weight or the gestational age of the infants. It was also observed that the Zn level of Group I infants (birth weight below 1,500 g) was significantly lower than those of Group III infants (birth weight 2,000 to 2,500 g) at 1 month of age, even though 11 of 35 infants of Group I received blood transfusions. It was proposed earlier that the decline in serum Zn level may be due to an inadequate intake of dietary Zn rather than due to physiological causes (Gibson and Dewolfe 1981) .
Usually Zn deficiency in the infancy is more often observed in premature infants than in the full term infants. In Japan, 17 cases of Zn deficiency in low birth weight infants have been recorded so far (Matsuda and Higashi 1983) . Onset of the skin rash was at 2.4±0.8 months of age with the birth weight 1,367± 375 g ; their serum Zn level being 0.44±0.21 p g/ml and their gestational age 30± 3.7weeks. Among them only 2 cases were breast fed infants and the other 15 cases were all fed with non-supplemented formula (Matsuda and Higashi 1983) . These data are comparable to those of other reports (Shaw 1982) , which showed that the patients were between 28 to 32 weeks of gestation and that the onset of symptoms occurred between 2 and 4.1/2 months of age, These observations are comparable to the present findings that the lowest serum Zn level was found at 3 months of age in Group I and that the incidence of hypozincemia (0.65 u g/ml : this level was stated by Nutrional Committee of Pediatrics of USA and used as a matter of convenience) was highest in Group I, medium in Group II (birth weight : 1,500 to 2,000 g) and lowest in Group III. It is well known that the bioavailability of zinc with human milk is better than with infant formulas (casey et al. 1981 ). This fact may account for the present observation that the serum Zn level of breast fed infants was almost consistently higher than those of the other two different formula fed infants in Groups I and II, although the Zn contents of breast milk at 1 month are corresponding to those of Zn-supplemented formula. In full term infants, however, the serum Zn levels were similar regardless of such feedings (Higashi et al. 1982; Matsuda et al. 1984) . We speculate that full term infants can tolerate, by some regulating mechanisms, a formula of low-Zn content (Matsuda et al. 1984) . Therefore, the present observation indicates that preterm infants, especially with very low birth weight, may have several disadvantages for keeping Zn status within normal limits due to less accumulated amounts of Zn during the shortened gestation period, poor availability of dietary Zn or delayed maturation of Zn homeostasis. Similar to ours, the first possibility was suspected by Michie and Wirth (1978) in their study. The second possibility was supported by animal experiments by Ghishan and Sobo (1983) . They showed that intestinal Zn transport is characterized by a maturational pattern which evolves with age. The observation suggests that they require more Zn as their intestinal absorption of Zn is reduced, thus supporting the first two possibilities discussed above.
With regard to Cu, the present study revealed the following two findings : (1) The serum Cu levels depend on their birth weight or gestational age from the first week of their life, and (2) the Cu level is relatively less influenced by the dietary Cu intake. The first observation is comparable to those of other reports (Shaw 1980 ; Sann et al. 1980 ; Hillman 1981) and is explained by the fact that Cu accumulation in the fetus increased exponentially with gestational age (Widdowson et al. 1972) , and therefore, infants with shorter gestations contain a less amount of C u than full term infants.
For some reasons unclear at this time, there are some conflicting data which report that the serum Cu level in the first week of life is not related to gestational age or to birth weight (Henkin et al. 1973 ; Manser et al. 1980) . Although a negative balance of Cu was reported by several investigators in the premature and also in the full term breast fed infants (Cavell and Widdowson 1964 ; Dauncey et al. 1977) , serum Cu levels increased progressively after birth in all groups in the present study, similar to the full term infants (Henkin et al. 1973; Higashi et al. 1982; Matsuda et al. 1984) . However, the increment was more delayed as the birth weight was reduced.This might be related to the possibility that less mature infants have lower production of ceruloplasmin in the liver, and reduced Cu absorption from the intestine (Hillman 1981) . There are some conflicting views concerning the second findings. Wilson and Lahey (1960) could not induce hypocupremia in premature infants fed with low-Cu intakes which was later confirmed by Sann et al. (1980) . On the contrary, Shaw (1982) speculated that an insufficient amount of Cu intake may contribute to the development of Cu deficiency in the premature infants. He reported serum Cu changes in a premature infant, with a body weight of 1,080 g and of 32 weeks of gestation, whose serum Cu level declined progressively until one month of age (Shaw 1980) . In the present study, we have observed 3 cases showing a decline of serum Cu concentration during the first 1 month of life. The birth weights of these cases were 1,320, 1,496 and 1,654 g, and all of them were fed with non-supplemented low-Zn and low-Cu formula. This observation indicates that in addition to low total body Cu, low dietary intake of Cu may result in Cu deficiency in some of the low birth weight infants.
Further investigation using other parameters such as Zn and Cu metalloenzyme activities may be necessary to obtain a more definitive result concenrning adequate contents of Zn and Cu in formulas for low birth weight infants. 
